In recent years, there has been a dramatic increase in obesity in low and middle income countries. However, there is limited research in these countries showing the prevalence and determinants of obesity. In this study, we examine the socioeconomic inequalities in obesity among South African adults. We use nationally representative data from the South Africa National Income Dynamic Survey of 2008 to: (1) construct an asset index using multiple correspondence analyses (MCA) as a proxy for socioeconomic status; (2) estimate concentration indices (CI) to measure socioeconomic inequalities in obesity; and (3) perform a decomposition analysis to determine the factors that contribute to socioeconomic related inequalities. Consistent with other studies, we find that women are more obese than men. The findings show that obesity inequalities exist in South Africa. Rich men are more likely to be obese than their poorer counterparts with a concentration index of 0.27. Women on the other hand have similar obesity patterns, regardless of socioeconomic status with CI of 0.07. The results of the decomposition analysis suggest that asset index contributes positively and highly to socio-economic inequality in obesity among females; physical exercise contributes negatively to the socio-economic inequality. In the case of males, educational attainment and asset index contributed more to socio-economic inequalities in obesity.
The authors recommended that reducing income inequalities would be the most effective strategy to reduce obesity inequalities. Costa-Font and Gil [21] also found evidence of socioeconomic inequalities in obesity in Spain. Using a decomposition analysis, they showed that education and demographic factors were some of the main contributors to inequalities in obesity. Nikolaou and Nikolaou [18] examined the income-related inequalities in obesity in 10 European countries, using the European Community Household Panel dataset. The study found that income-related inequalities in Europe were more concentrated in economically disadvantaged women.
In low and middle income countries, obesity has been shown to be mainly prevalent among populations of high socioeconomic position, which are increasingly adopting Western lifestyles and diets [22] . It can be shown that as economies transition from low to middle and high income, obesity trends shift from being concentrated among society's well off to the poor [23, 24] . We would expect the obesity trends in SA and other middle income countries to follow the Western pattern, but this is not certain. It is, therefore, important to monitor the trends in obesity and the related socioeconomic gradient. A thorough understanding of trends in the relationship between socioeconomic status and overweight and obesity prevalence will provide useful insights for developing effective overweight intervention programmes and policies. We did not find any published literature on the formal measurement of the socioeconomic gradient of obesity in SA. This study thus aims to fill this gap.
In this study, we examine the socioeconomic inequalities in obesity prevalence in South African adults. We use the CI to examine the relationship between socioeconomic status and obesity. The CI, an approach for studying inequality used in economics, has proved useful to understanding the socioeconomic gradient of obesity, as well as other health factors [15, 20, 25] . The CI is a measure of association which indicates the degree to which a factor, such as obesity, varies with a measure of household resources. The CI is most useful because it not only provides a single index of wealth related inequality in obesity, but can also be used in decomposition analysis to examine the underlying causes of the wealth related inequality. Thus in this study, we also perform a decomposition analysis, in order to determine the factors driving socioeconomic inequalities in obesity.
Methods

Data
Our investigation is based on the adult questionnaire of the first wave of the South African National Income Dynamics Study (SA-NIDS) version 5.0. The SA-NIDS is a nationally representative survey undertaken in 2008 by the South African Labour and Development Research Unit (SALDRU) based at the University of Cape Town (UCT). The survey is a panel study that documents the dynamic structure of household members and changes in their incomes, expenditures, assets, access to services, education, health and other dimensions of well-being. A household questionnaire, together with an adult questionnaire, was administered to every household member aged 15 years and older. The survey consisted of 16,800 adults. In our study, the unit of analysis is an individual, classified as an adult above 18 years. After cleaning the data and excluding individuals less than 18 years, pregnant women and those with missing body mass index (BMI), our sample reduced to 11,326 individuals; the analysis was further disaggregated by sex with 4,983 males and 6,343 females. A detailed report on the SA-NIDS methodology is provided elsewhere [26] .
Measures
Health Indicators
Obesity-the heights and body weight of adults were taken during the SA-NIDS survey. These were used in our analysis to compute the body mass index (BMI). Body mass is defined as a person's weight in kilogrammes divided by the square of height in meters. Obesity is defined as BMI greater or equal to 30 kg/m 2 [27] . In our analysis, obesity was measured as a binary variable with (1) obese and (0) not obese.
Measurement of Inequality
There are various measures of inequality, but as suggested by Wagstaff et al. [28] , any inequality measure is expected to meet three minimal requirements: (1) the measure should reflect the experiences of the whole distribution of the population rather than the extremes of the social class; (2) the measure should be sensitive to changes in the distribution of the population across socioeconomic groups; and (3) the measure should exhibit socioeconomic features to inequalities in health.
The CI is among the few measures that satisfy this criteria [28] . In light of its usefulness not only to quantifying health inequalities, but also to decomposing the contribution of various factors to health inequalities, we used the CI to examine socioeconomic related inequality in the distribution of obesity across the adult population of SA.
The CI is used to examine relative inequality in health and its values lie between negative one (−1) and positive one (+1). Negative values imply that the health measure used (obesity in this paper) is more concentrated among the poorer socioeconomic population. Positive values imply that obesity is more concentrated among the richer population. Larger absolute values of CI indicate wider inequalities in obesity. A CI value of zero signifies that obesity is equally distributed across socioeconomic status [29, 30] .
The CI can be defined simply as twice the covariance between the health variable ( y : obesity) of individual i and the ranking of the socioeconomic status, r , divided by the mean of the health variable (  ):
As suggested by Kakwani et al. [31] , the CI can also be computed easily by what is called the "convenient regression approach". This method of calculation has the advantage of not only yielding an estimate of CI, but also generating standard errors from which statistical inferences can be produced. This can be written as follows: Standardization is an adjustment technique that is used to account for differences in population demographic structures, to produce a refined description of the relationship between health and socioeconomic status [30] , and also to facilitate comparisons for different populations, sub-populations or overtime. Standardization is best utilized under the assumption that demographic variables such as sex and age are correlated with either the health measure, socioeconomic status, or both [30] . For instance, older people tend to have higher levels of body weight [32, 33] and women have much more peripheral body fats in the legs and hips than men [21] . There are two ways of standardizing: the direct and indirect methods [30] . The indirect standardization method is preferred and commonly used over direct standardization because of its greater accuracy when dealing with individual-level data [30] . The indirect standardization method is used in this paper.
Although the estimate of CI can be indirectly standardized by subtracting the influence of all standardizing variables from the unstandardized CI [30] , an equivalent approach of obtaining an indirectly standardized CI is to include the standardizing variables directly into the "convenient regression", either for full or partial correlations of the health variable, with the standardizing variables. In the case of the former, only the standardizing variables, which can also be seen as confounding variables are included in the regression while in the latter case, other non-confounding variables are included in order to estimate the correlation of the confounding variables conditional on those other variables [30] . This procedure was used to standardize obesity in this paper.
The indirect standardized health variable (in this case obesity) is i ŷ is attained by a simple regression on actual health variable ( y ) of individual i as follows:
where j x are the confounding variables for which we want to age-standardize individual i (age is the only standardizing variable used in our study, due to the fact that there was a split in the analysis: females and males);  ,  and  are the parameter vectors, the k z are the non-confounding variables for which we do not want to standardize, but to control for, in order to estimate partial correlations with the confounding variables, and  is the error term. To standardize for full correlations, non-confounding variables, k z are excluded from the regression. The k z variables in our study include education, employment status, race, asset index, marital status, and behavioural indicators: exercise and smoking.
The Ordinary Least Squares (OLS) parameter estimates from Equation (3) are then used to obtain the predicted values of the health indicators as expressed below:
The estimate of the indirectly standardized obesity ( is i ŷ ) is the difference between actual health measure ( i y ) and x-expected health ( i ŷ ), plus the sample mean (  y ) as expressed in Equation (4):
We can therefore infer that the distribution of is i ŷ across socioeconomic groups is the distribution of obesity in the female and male populations that would be expected, irrespective of differences in the distribution of age.
Given that our health measure was binary (1,0), the bounds of the concentration index are not −1 and 1 but depend on the mean of the variable [34, 35] . A normalization process that ensures that the CI is quantified in the range −1 to 1, for any given mean of the health measure (obesity) is therefore recommended, by multiplying the calculated concentration index by (1/1 − μ) [34] . Recently, there has been a debate regarding the appropriate normalization process between Wagstaff [34, 35] and Erreygers (ehe Erreygers index (E c ) can be stated as (4μ/b − a)·CI, where, a and b are upper and lower limits of the health variable, CI is the standard concentration index, and μ is the mean of the health variable) [36, 37] . Kjellson and Gerdtham [38] give a detailed discussion on the differences between inequality indices and state that the normalization choice should be based on the researcher's value judgment. Also of note is that Erreygers index does not change the direction of inequality, but only the magnitude. Erreygers index can also be obtained by scaling what is obtained from Wagstaff's normalization by the factor (4μ/1 − μ) [39] . We therefore, decided to apply the normalization process proposed by Wagstaff (we obtained similar results using both Wagstaff and Erreygers normalization index).
Explaining Inequality: Decomposition of the Concentration Index
The CI can be decomposed into the contributions of explanatory factors using regression analysis, thereby allowing for an analysis of the contribution of each individual factor to the measured degree of socio-economic inequalities in health [40] . However, the method relies on the linearity of the underlying regression model, and in cases where the health outcome is binary in nature, whose ideal specification is nonlinear, a decision on whether to approximate the model by a linear specification using linear probability model (LPM) or to approximate the decomposition of the CI [41] is needed. We chose to approximate the model by applying a linear probability model on the health outcome because the approximation of the decomposition of the CI generates a non-unique result [30] , which captures the linear association between the health variable and the covariates. This linearity in parameters is a useful property for the decomposition of the inequality index [30, 40, 41] . Moreover, previous studies that measure inequality and decomposition of inequality show that while estimations produced by linear probability models may be less robust and precise than those generated by non-linear models, they both yield similar results and the estimated parameters of LPM are generally consistent [30, 42] .
Therefore, given a linear additive regression model of individual health y expressed as:
, the CI can be written as follows to include the elasticities and inequalities of the various determinants [30, 40] :
where  is the mean of the health variable ( y : obesity in this case), the index k refers to the regressors included in the obesity equation; k  is the coefficient for each of the health determinants from equation 6, _ k x is the mean of each of the regressors,  GCI is the generalized concentration index for the error term (  ) [30] .
The component
is defined as elasticity ( k  ) of y with respect to k x [30] and measures the impact of each covariate on obesity and k CI is the concentration index for each of the individual regressors; it measures the degree of unequal distribution across socioeconomic status. We applied the Wagstaff normalization not only to the concentration index but also to the decomposition.
Construction of the Living Standard Measure: Asset Index
Various ways of measuring living standards are used in literature-income, expenditure and wealth index. In developing countries, the use of the measure of income and consumption are prone to various bias including recall bias [43] , variation of income from season to season and reluctance to divulge information [44] . It should be noted that socioeconomic inequalities in a health variable may be sensitive to the choice of welfare indicator, depending on the health variable being examined. Wagstaff and Watanbe [45] found that the concentration indices for health care utilization were more sensitive to the choice of welfare indicator but not to the health outcome (child malnutrition). Also of note is the fact that the CI reflects the relationship between the health variable and living standards rank and not the variance of the living standards measures [30] .
In this paper, the household assets index [46, 47] is the main socioeconomic indicator used (there are other indicators of socioeconomic status like education, employment status, composite socioeconomic status among others, indicating positions in the society or as defined by Oakes and Rossi [48] : "…differential access (realized and potential) to desired resources"). However, the measurement still lacks conceptual clarity, and the use depends on the question being asked by the researcher. In this paper, given that we are analysing a concentration index, a continuous variable is needed as a measure of wellbeing). The asset index was constructed using multiple correspondence analysis (MCA) [49] , a preferred technique for categorical variables [50] expressed as follows:
where i a is the value of the asset index for the ith observation, ki c is the value of the kth dummy/categorical variable (for k = 1,….K) describing the set of six household assets and living conditions considered in the analysis, which included type of dwelling, access to water, access to toilet, radio, cooking gas and possession of a cellular phone. None of these variables contained negative values. k F 1 is the asset index weight of the first component of the analysis. The resulting asset scores generated were used to rank the population from lowest to the highest, and to rank and divide the population into wealth quintiles (from 1-lowest to 5-highest).
Although, there are various methods of constructing asset indices such as principal components analysis (PCA) [46] and factor analysis [51] , MCA was chosen for this analysis because it is better suited when there is a combination of binary and categorical variables, it avoids previous computations of "squeezing" categorical assets into binary as needed in the framework of PCA [50, 52] .
Other Variables
Apart from socioeconomic status measured by asset index, a range of variables, which studies have shown to influence BMI and also the socioeconomic gradient in obesity rates, were included in estimating the CI and the regression model used for the decomposition analysis [15, 20, 21] . These include: Education, measured in years of schooling and categorized as 1-no education, 2-primary with 1-7 years, 3-secondary with 8-12 years and 4-tertiary, with 13+ years of schooling; Employment status, a binary variable with 1-employed and 0-unemployed, the unemployed consists of all those who are not in formal or informal employment; Marital status, was coded 1-never married 2-married/cohabiting and 3-divorced/widowed/separated; and Area of residence, a binary variable with 1-rural and 0-urban. Race was included as a categorical variable with 1-African, 2-coloured, 3-Asian and 4-Whites. The South African population is made up of 79.8% African, 8.9% Coloured, 2.6% Indian/Asian and 8.7% White people, according to the 2013 mid-year population estimates [53] .
Lifestyle factors, including diet, physical activity, the use of tobacco and alcohol, have been identified as risk factors for obesity [19] . We included two lifestyle factors namely physical exercise, a dummy variable (1 if an individual exercises at least once a week) and smoking (1 if an individual smokes, 0 otherwise). Since obesity is essentially an imbalance between calorie intake and expenditure, the inclusion of information on physical activity is important. Although there is high probability that the inclusion of the lifestyle factors could be endogenous, we strongly believe in the importance of these factors in the decomposition analysis not only because of the demonstrated association of these factors with obesity and obesity inequality in the literature [54] but also because they can be classified as "policy-relevant variables" in the context of the measurement of socioeconomic related inequality in health or healthcare (Gravelle estimated a directly standardized partial concentration index, and suggests the use of three types of variables in the regression equation used for the decomposition analysis, namely: income, need standardizing variables and other possible policy-relevant variables [55] ). Consequently, our estimated regression model can be viewed as a reduced form demand model for obesity and no causal interpretation is implied.
Data Analysis
Management of data and analysis were done in Stata 12 (Stata Corp. Inc., College Station, Texas, USA) and ADePT version 5.0, which was developed by the World Bank and specifically designed for analyzing inequality in health outcomes and related research [56] . Chi-squared (χ 2 ) significance tests were used to assess differences between quintiles in the distribution of obesity for men and women, and OLS regression was applied in the decomposition analysis. The SA-NIDS was a multistage sampling procedure, thus all estimates took into account the sampling weights and adjustment was made for clustering and stratification of the survey data. Table 1 shows the socio-demographic characteristics of the study sample by gender. There were 11,326 adults included in the sample, of which 56% were female. The age-standardized obesity was 35% among females and 12% among males, and approximately 25% of the total population was obese. Note: * This is the indirectly standardized obesity, for age-only.
Results
Descriptive Statistics
The mean age was around 38 years (SD = 15.2). The majority of respondents had secondary (59%), followed by primary level (21%) and only a few had tertiary (11%) education. The proportion of unemployed persons was 52%. About 36% of the females and 60% of the males were employed. The proportion of married (45%) and never married (45%) were equally distributed in the population, and about 11% were widowed. The majority of the population lived in urban areas (61%). Figure 1 shows the distribution of unstandardized obesity by wealth (as measured by the asset index) and gender. The proportion of obesity was about 20% in the lowest quintile, compared to 30% in each of the highest two. Generally, there was a positive relationship between obesity and wealth for both men and women (p < 0.05). Obesity was more pronounced in females, ranging from 28% in quintile 1 to 39% in quintile 5 and 41% in quintile 4. Among males, obesity steadily increased with socioeconomic status from 6% in the lowest quintile to 18% in the highest quintile. 
Inequalities in Obesity
Wealth Distribution
Concentration Indices
The normalized concentration indices for males and females are given in Table 2 . Included in the table are three indices: (1) the unstandardized, (2) indirectly standardized for age only and (3) indirect standardized for age and other non-confounders. The 3 methods produced different but similar figures, however, to be consistent with our decomposition analysis, all discussions herewith are based on the third index-age including non-confounding variables. The indices were all positive, indicating that obesity was more concentrated among the rich. The normalized concentration index was 0.12 for the entire population, 0.09 for females and 0.27 for males. This indicates that there is more inequality in the distribution of obesity among men compared to women. Though obesity is mainly found among the wealthy, the distribution of obesity is not very different between poor and rich women. However, richer men are more likely to be obese than their poorer counterparts. Table 3 shows the results of the linear probability regression model. Age and socioeconomic status (measured by the asset index) were statistically significant and positively associated with obesity among females, while the positive factor associated with obesity in males was higher education. Marital status was significantly associated with obesity. For both genders, the single and never married were less likely to be obese than married people. Increased physical activity was associated with low obesity in women. Smoking was a significant negative factor for obesity for men as well as women. Table 4 presents the decomposition analysis based on OLS regressions, indicating the elasticity, concentration index (Wagstaff normalized) and contribution of each covariate to the overall obesity inequality. If the contribution of a factor is positive, this can be interpreted as ceteris paribus, the obesity inequality would be lower if that factor was not present (the opposite for negative contributions). Low education is concentrated among the poor in both males and females. The widowed and never married were concentrated in low-income groups among females, but only singles were in this group among men. Lifestyle factors consisting of physical exercise and smoking had positive indices for women, implying that these activities were concentrated among wealthy individuals. Among men, smoking was more an attribute of the poor.
Explaining Obesity Inequalities
Results of the Linear Regression
Decomposition of Socioeconomic Inequality in Obesity
The highest elasticities for both men and women were observed with age. However, age did not make a large contribution to the overall concentration index. The largest contributor to the obesity inequality for both men and women was socioeconomic status (asset index). Socioeconomic status contributed to about 71.4% of the inequalities among women, compared to 24% among men. Education was a major contributor to the obesity inequality among men, but not women. Tertiary education contributed to about 24.4% of the inequality for men. Other notable drivers of inequalities among men were age (8.5%) and employment (6.6%). Living in a rural area (20.3%), physical activity (−28.6%) and smoking (−11.4%) contributed significantly to the obesity inequality among women, but not men.
Discussion
This paper provides evidence of the socioeconomic inequalities in obesity among South African adults. To our knowledge, this is the first study to formally measure the socioeconomic gradient of obesity in SA using the concentration index (CI). We use data from the 2008 South African National Income Dynamics Study (SA-NIDS) to calculate CIs for men and women, and apply a decomposition analysis to estimate the contributors to obesity inequality. An advantage of CI is that it is more sensitive to changes in the socioeconomic distribution. A major limitation of CI is that it may only be applied if a strict ranking socioeconomic variable, such as income or consumption is available. However, it has been shown that the asset index provides a reasonable proxy for measuring inequalities in the absence of income or consumption [57] . Including the behavioral factors in the decomposition may introduce bias in the study due to endorgeneity. For instance, physical exercise is endogenous because causality cannot be identified with regard to whether people who exercise have a lower probability of being obese or people who are not obese are more likely to exercise [58] .
In our analysis, we tested the effect of the lifestyle factors and did not find any significant differences when they were removed from the regression analysis. Thus we included them on the basis that they are important to informing policy decisions on obesity prevention [55] , and also because they have been shown to be associated with obesity in the literature [59] .
The use of a large nationally representative sample made it possible to examine relationships between obesity and its socioeconomic determinants, and measure obesity inequalities. The height and weight scores used to estimate obesity in the SA-NIDS were measured and not self-reported, hence we are confident that errors in measurement were minimal. Causal inference on the determinants of obesity is, however, limited by the cross-sectional nature of the study. Therefore, a comprehensive longitudnal study is required to provide a more detailed description of the reasons for changes in weight [20] .
The rapid economic growth experienced by many low and middle income countries in the last few years has seen a parallel nutrition transition, with diets increasingly constituting greater amounts of sugar, fats and refined carbohydrates [60] . This has exarcerbated excess weight gains for both men and women. Our study, however, suggests some gender disparities in the distribution of obesity, showing that obesity is higher in women than men. This is consistent with findings from other studies in SA [3, 4] , and other developing countries [61] , which show that women tend to be more obese than men.
The study shows that unlike in many developed countries where the socioeconomic gradient in obesity is concentrated among the poor [15, 16] , obesity in SA is positively related to wealth, with well-off individuals more likely to be obese than the poor. This is consistent with findings from other studies in low and middle income countries that show that obesity tends to increase with higher socioeconomic status [22] .
While socioeconomic status (measured by the asset index) was a major contributor to obesity in both men and women, the concentration index of obesity in women was small, indicating that there were less inequalities in the distribution of obesity for women across socioeconomic status. This was different for men, where wealthier men were significantly more likely to be obese than their poorer counterparts. The decomposition analysis demostrates that other measures of socioeconomic position, including employment and higher education were major contributors of inequalities in obesity for men, but not for women. Lifestyle factors of physical activity and smoking, and living in a rural area had a higher impact on obesity inequalities in women than men.
There could be various reasons for these disparities in the distribution of obesity inequalities among women and men, which are not analysed here, but should be analysed in future studies. Firstly, though the nutrition transition observed in low and middle income countries has contributed to excess weight gain in both genders, it has had a higher impact on women and wealthier men, particularly on their physical activities [62] . There could be high physical inactivity related to both employment and unemployment or underemployment. Increased economic activity in SA has led to higher employment among men, particularly in professional, managerial, or administrative work that promote sedentary behaviour. Wardle et al. [63] show that men with low socioeconomic status are more likely to be employed in work that is physically demanding, thus may have a lower risk of obesity than men who are well off. Women on the other hand, are more likely to be caregivers or in wage labour that does not require vigorous physical activity [64] . Further, women as caregivers are mainly responsible for preparation of food and meals in the home. With the proliferation of kiosks, supermarkets and fastfood restaurants, there is an increased accessibility of food [65] which does not require expended energy and effort to prepare, contributing to reduced physical activity.
In this study, we find that rural women are less likely to be obese than women living in urban areas, and area of residence was a significant contributor to obesity inequalities, particularly among women. This could be due to the impact of the nutrition transition, which tends to be higher in urban areas, as well as the fact that the role that rural women play in the home and also their employment, mainly in argrarian work, requires vigorous physical activity [66] .
Cultural issues may also play a significant role in obesity, and this might be a reason why the socioeconomic gradient in obesity among women was small. Particularly among the black South African population, who are in the majority, larger body size is considered to be a sign of beauty, prosperity and good health [67] . These views on body image may be a major contributor to overweight and obesity among women of all socioeconomic backgrounds, and wealthy men.
Conclusions
This paper provided an analysis of the socioeconomic gradient in obesity in the South African adult population. The study shows that obesity is significantly higher in women than men. The results also show that the socioeconomic gradient in obesity favours the rich. However, the gradient is more pronounced in men than women. A regression-based decomposition of wealth related inequality in obesity was also performed, showing that while the main contributor is socioeconomic status (measured by asset index) for both men and women; other main contributors to obesity inequalities are economic factors of education and employment among men, and lifestyle factors of physical activity among women.
These findings have wider implications for policy and future research on obesity. There is need for more research on the socioeconomic gradient in adult obesity, which will help understand the cause of the obesity epidemic and facilitate the reduction in health disparities. The fact that the prevalence of obesity in women is high should be of concern, because obese women are likely to give birth and raise children who might become obese or overweight [68] . Thus focusing on reducing obesity in women could benefit future generations.
Promotion of physical activity, particularly among women is very important to the reduction of obesity inequality. Based on our findings, we suggest that policies aimed at preventing obesity in women should be population based, and target women across the socioeconomic spectrum. There is also need for workplace activities that promote physical activity, better nutrition and generally improved lifestyle and living. These issues are acknowledged as important to reducing NCDs and their risk factors, such as obesity, in the SA Department of Health NCDs strategic plan [12] .
University of the Witwatersrand, South Africa and Lennert Veerman, University of Queensland, Australia, for their comments on the manuscript.
